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[57] ABSTRACT 

Novel polysilphenylenesiloxanes having a three-dimen 
sional mesh structure of silphenylenesiloxane core sur 
rounded by tiiorganosilyl groups, which have a good sen 
sitivity to ionizing radiations such as deep ultraviolet rays, 
electron beams and X-rays, a high softening point of 400° C. 
or more, and a good resistance to O2-plasma etching, and 
exhibit a high contrast and low swelling. These polysiphe 
nylenesiloxanes are useful as a resist material, especially a 
top layer resist of the bi-level resist system and an interlevel 
dielectric or heat-resisting protective layer. The resist mate 
rial has a high resolution because of a high contrast, low 
swelling and high thermal resistance thereof. 

14 Claims, 14 Drawing Sheets 
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POLYSILPHENYLENESILOXANE, 
PRODUCTION PROCESS THEREOF, AND 

RESIST MATERIAL AND SEMICONDUCTOR 
DEVICE FORMED THEREOF 

This is a division of application Ser. No. 07/614,338 ?led 
Nov. 15, 1990, now US. Pat. No. 4,240,813. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a novel organosilicon 
polymer, more particularly, it relates to polysilphenylenesi 
loxanes. The present invention also relates to a process for 
the production of such an organosilicon polymer. Further, 
the present invention relates to a resist material, especially 
a resist material useful as the top layer resist in a bi-level 
resist system, and a process for the formation of resist 
patterns and a process for the production of semiconductor 
devices using such resist material. Furthermore, the present 
invention relates to a serrriconductor device containing an 
interlevel dielectric, heat-resisting protective layer or other 
layers consisting of the novel organosilicon polymer of the 
present invention, and a process for the production of such 
a semiconductor device. 

The organosilicon polymers of the present invention have 
a high sensitivity to ionizing radiations such as deep ultra 
violet (UV) rays, electron beams (EB) or X-rays, exhibit a 
high contrast (for example, 7:28), low swelling upon devel 
opment (for example, 0.2 uml/s at EB), and a high softening 
point or temperature of 400° C. or more, and accordingly, a 
high resolution, and further show a high resistance to oxygen 
(O2)-plasma etching (for example, 100 times better than that 
of the conventional novolak resist), and thus the organostli 
con polymers of the present invention can be advanta 
geously utilized as the resist in the production of semicon 
ductor devices and other devices. 

Moreover, since these organosilicon polymers have a high 
thermal resistance, a superior dielectric or electrically insu 
lating property and a good levelling function, these organo 
silicon polymers can be advantageously utilized in particular 
in the process of the formation of multilayer wiring during 
the production of semiconductor devices such as integrated 
circuits (ICs), large-scale integrated circuits (LSIs) and 
ultra-large-scale integrated circuits (ULSIs). For example, if 
these polymers are used to form an interlevel dielectric in the 
production of multilayer wiring of semiconductor devices 
having a high integration density, such as ICe or LSIs, these 
polymers can be effectively spun-coated with a levelling of 
the underlying steps, to thereby form a layer having a 
superior dielectric property, and accordingly can remarkably 
increase the reliability of the resulting devices. 

2. Description of the Related Art 
A thin-?lm formation technology and photolithography 

are widely utilized in the production of electronic circuit 
devices with ?ne circuit patterns, for example, semiconduc 
tor devices, magnetic bubble memory devices and surface 
wave ?lter devices, and as an example thereof, the present 
description is of a production of wiring patterns. Namely, an 
electrically conductive layer, electrically insulating layer or 
other thin layers are formed on a substrate by conventional 
physical methods such as vacuum deposition or sputtering, 
or conventional chemical methods such as chemical vapor 
deposition (CVD), and after the formation of one thin layer, 
another thin layer is coated by a spin-coating method, for 
example, to form a resist coating. The resist coating is then 
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2 
pattern-wise exposed to radiations such as ultraviolet (UV) 
rays, and then developed to form resist patterns. Subsequent 
to the formation of resist patterns, the underlying thin layer 
is wet-etched or dry-etched, using the resist patterns as a 
masking means. Conductive ?ne patterns, insulating ?ne 
patterns or other ?ne patterns are formed on the substrate 
depending upon a speci?c property of the thin layer. 
As an alternative, an electron beam exposure may be used 

to form resist patterns. Namely, after the formation of an 
electron beam-sensitive resist coating, an electron beam 
having a reduced beam diameter is scanned over the resist 
coating to conduct a direct pattem‘wise exposure of the 
coating. The EB-exposed resist coating is then developed 
with a suitable developer, and superior ?ne resist patterns are 
thus obtained. 
The above-described formation of wiring patterns is car 

ried out on a single-layer resist system, but this system is not 
suitable for the production of recently developed semicon 
ductor devices because, in the process for the production of 
recent semiconductor devices such as very‘large-scale inte 
grated circuits (VLSIs) or ULSls, to increase a degree of 
integration of the circuits, conventionally the wiring is 
constituted as multilayer wiring, and as a result, step por 
tions having a height of l to 2 pm are formed on a surface 
of the substrate. This formation of the stepped portions is a 
bar to the obtaining of ?ne resist patterns with a high 
accuracy. Note, the single-layer resist system can not 
remove this bar. 

To solve the problem due to the stepped portions on the 
substrate surface, a bi-level resist system was developed, 
and is now widely utilized in the production of VLSIs, 
ULSIs and other devices. Generally, the bi-level resist 
system is carried out in the manner outlined in the accom 
panying drawings FIGS. 1A to 1D. 

FIG. 1A is a cross-sectional view of the resist-coated 
substrate. This system is started by coating an organic resin 
at a layer thickness of, for example, 2 pm, on a substrate 1, 
such as semiconductor substrate, with a step portion 2 such 
as a metallic wiring, whereby a bottom layer resist (levelling 
layer) 3 is formed over the substrate 1. After levelling an 
uneven surface of the substrate 1, a resist material having a 
sensitivity to exposure radiations is coated at a layer thick— 
ness of about 0.2 to 0.3 pm on the bottom layer resist 3, to 
form a top layer resist 4, and accordingly, a bi-level resist 
structure shown in FIG. 1A is obtained. 

After the formation of the bi-level resist structure, as 
illustrated in FIG. 1B, the top layer resist 4 is pattern-wise 
exposed to exposure radiations (e_). The exposure radiations 
used herein are, for example, ionizing radiations such as 
electron beams. The exposed area of the top layer resist 4 is 
solubilized or insolubilized depending upon a speci?c prop 
erty (i.e., positive~working or negative-working) of the resist 
4. 

Since the top layer resist 4 used herein is a negative 
working resist, after development of the exposed top layer 
resist 4 with a selected developer 4, as shown in FIG. 1C, a 
pattern of the top layer resist 4 is formed over the bottom 
layer resist 3. 

After the patterning of the top layer resist, using the 
pattern of this resist as a masking means, the underlying 
bottom layer resist is selectively etched with an etching 
source such as oxygen plasma. As a result, as shown in FIG. 
1D, the pattern of the upper layer resist 4 is transferred to the 
bottom layer resist. 

In the above-described bi-level resist system, since the 
bottom layer resist can prevent an undesirable influence of 
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the steps of the underlying substrate on the patterning, and 
a re?ection of exposing radiations by the substrate surface, 
and further, the top layer resist can be used at a reduced layer 
thickness, it becomes possible to remarkably increase the 
resolution of the resist in comparison with the single-layer 
resist system. The top layer resist must have a high resis 
tance to oxygen plasma, in addition to the good sensitivity 
and resolution required in the single-layer resist system. The 
resist materials satisfying these three requirements are 
already known, and typical examples thereof include nega 
tive-working, organosilicone-based resist materials having a 
high resistance to oxygen plasma, for example, polysilox 
anes having a ladder structure or phenyl ring-containing 
polysiloxanes. Note, as described hereinafter, both the lad 
der-type polysiloxanes and the phenyl-containing polysilox 
anes are widely-used as the top layer resist in the bi-level 
resist system. 

As a typical example of the ladder-type polysiloxanes 
used as the top layer resist, there can be mentioned the 
pattem-forming material described in Fukuyama et al., US. 
Pat. No. 4,863,833. The described pattern-forming material 
consists of polysilsesquloxane having no hydroxyl group in 
its molecule, the polysilsesquloxane being a silylated pol 
ysilsesquloxane of the formula: 

in which 
R1 and R2 are the same or different and each represents a 

substituted or unsubstituted alkyl group, a substituted or 
unsubstituted aryl group, or a substituted or unsubstituted 
vinyl group, and 
m is a positive integer in the approximate range of 25 to 

4,000. The pattern-forming material has many advantages, 
such as high sensitivity to high energy radiations, good 
resistance to dry etching, a high resolution and thermal 
stability, but must be improved in the contrast and swelling 
thereof. 

In addition, as a typical example of the phenyl-containing 
polysiloxanes used as the top layer resist, there can be 
mentioned the pattern-fomring material described in Euro 
pean Patent Application No. 84l0l686.8 (Publication 
0122398,A2). This pattem-forming material is characterized 
by containing a siloxane polymer having the general for 
mula: 

[wherein R, R‘ and R" are the same or di?’erent and are 
respectively one member selected from the group consisting 
of hydrogen, an alkyl group and a phenyl group; X is one 
member selected from the group consisting of ?uorine, 
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chlorine, bromine, iodine and a —CH2Y group (wherein Y 
is one member selected from the group consisting of chlo 
rine, ?uorine, bromine, iodine, an acryloxyloxy group, a 
methacryloyloxy group, and a cinnarnoyloxy group); and l, 
m and n are respectively 0 or a positive integer, l and m not 
being simultaneously 0]. Since they have a high sensitivity 
to high energy radiations and a good resistance to dry 
etching, as in the ladder-type polysiloxanes, the phenyl 
containing polysiloxanes are, for example, commercially 
available as the “SNR” resist from Toso Corporation. Nev 
ertheless, since they have a low sensitivity to ultraviolet 
rays, exhibit a large swelling upon development, and show 
a low contrast or gamma (7) value (for example, 7:12 to 1.6 
for the SNR resist), it is di?icult to clearly resolve a narrow 
space pattern such as that sandwiched between wide line 
patterns in the formation of line and space patterns. Espe 
cially, such a di?iculty is increased if the desired space 
pattern is very ?ne and has a width of 0.5 pm or less. To 
contribute to the ?ne fabrication of the VLSIs and increase 
through-put, there is a need for the provision of an improved 
high resolution resist material having a high sensitivity and 
resistance to oxygen plasma, exhibiting less swelling upon 
development, and showing a high contrast. 
The organosilicon polymer can be used for other pur 

poses, in addition to the use thereof as a resist, For example, 
it is well-known that a silicon-containing polymer having a 
relatively low molecular weight produced by hydrolyzing 
tetraalkoxysilane and condensation-polymerizing the hydro 
lyzed product, i.e., inorganic SOG (spin-on-glass), is an 
organosilicon polymer useful in the production of semicon 
ductor devices, and the production of such an SOG is 
well-known. Further, it is well-known that such an SOG can 
be used as an interlevel dielectic in semiconductor devices 
having a multilayer wiring structure. 
The interlevel dielectic is essentially positioned in the 

semiconductor devices having a multilayer wiring structure, 
because two or more wiring layers of the devices must be 
electrically insulated from each other. The interlevel dielec 
tric is generally produced by applying a dielectric layer onto 
the previously formed ?rst wiring layer. After application of 
the dielectric layer, to ensure an electrical connection 
between the upper and lower wiring layers, throughholes are 
formed in the dielectric layer. Next, through this dielectric 
layer, a second wiring layer is formed. The above steps for 
the formation of the interlevel dielectric are repeated to 
complete a desired multilayer wiring structure. Currently, 
many types of the materials are used as the interlevel 
dielectric-providing material, and typical examples of such 
interlevel dielectric-providing materials include inorganic 
materials such as silicon dioxide, silicon nitride and phos 
phosilicate glass (PSG) (produced through a vapour phase 
deposition from reaction gases such as silane gas and 
oxygen gas), polymeric insulating materials such as poly 
irnide or silicone resin, or a laminate of these materials. 
Nevertheless, the ?ne fabrication of wiring patterns is still 
progressing, and thus there is a need for the provision of an 
even more improved interlevel dielectric-providing mate 
rial, to thereby increase the reliability of the resulting 
devices. 

In the multilayer wiring, a surface of the semiconductor 
substrate supporting a ?rst wiring layer has many concaves 
and convexes due to the presence of the wiring, and when an 
interlevel dielectric is formed from, for example, inorganic 
materials such as SiOZ, over this wiring layer-supporting 
substrate, the resulting interlevel dielectric exactly repro 
duces the concaves and convexes of the underlying sub 
strate. These concaves and convexes on the substrate surface 
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may cause disconnections, an insuiicient insulation, and 
other defects in the wiring formed over the underlying 
substrate. Therefore, a need arose for the development of an 
electrically insulating material which can level the concaves 
and convexes of the substrate, when applied over the sub 
strate. 
To satisfy the above requirement, two methods were 

suggested. In one method, a levelled surface of the interlevel 
dielectric is obtained by using a speci?c production process 
of the insulating layer such as an etching back method or 
bias sputtering method, and in another method a levelled 
surface is obtained by spin-coating the selected resin. The 
resin coat method is most preferable, because it is the 
simplest of the two processes, and further, the process of this 
resin coat method is simpli?ed if the resin is not baked 
immediately after spin'coating, but is baked after spin 
coating and a formation of throughholes for communicating 
the upper and lower wiring layers. Unfortunately, conven 
tionally used resins or polymeric insulating materials such as 
polyirnide or silicon resin are not suitable for such a sim 
pli?ed process, because it includes a thermal processing 
under elevated temperature conditions of 400° C. and more, 
and when subjected to the temperature of 400° C. or more, 
the conventional resins are often oxidized or thermally 
decomposed, or are cracked, since a distortion is induced in 
the resulting interlevel dielectric due to the oxidation or 
decomposition of the same, or other causes. Therefore, there 
is a need for the provision of an improved heat-resistant 
resinous material which is not affected by the thermal 
processing. 

In addition, the interlevel dielectric should have a low 
dielectric constant. Namely, if the interlevel dielectric has a 
low dielectric constant it becomes possible to shorten a 
delay time of the wiring and thereby provide a high-speed 
device. Unfortunately, conventionally used inorganic mate 
rials such as SiO2, Si3N4 and PSG have a high dielectric 
constant of 4.0 or more, and therefore, such high dielectric 
constant must be reduced. On the other hand, the inorganic 
SOG provides a product having a composition similar to that 
of SiO2 upon thermal processing, and therefore, it is di?icult 
to obtain a reduced dielectric constant. 

SUMMARY OF THE INVENTION 

In view of the above-described drawbacks of the prior art 
organosilicon polymers, one object of the present invention 
is to provide a novel organosilicon polymer which is useful 
in the ?elds of semiconductor devices and other devices. 

Another object of the present invention is to provide a 
process for the production of such a novel organosilicon 
polymer. 

Another object of the present invention is to provide a 
high resolution resist material having a high sensitivity and 
resistance to oxygen plasma, a low swelling upon develop‘ 
ment and a high contrast, and further is particularly useful as 
a top layer resist in the bi-level resist system. 
A further object of the present invention is to provide a 

process for the formation of resist patterns, which process 
enables the production of ?ne patterns on a substrate having 
steps, ice., concaves and convexes. 

A still further object of the present invention is to provide 
a semiconductor device containing one or more layers 
having superior characteristics such as a heat resistance and 
electrical insulation, and which do not reproduce concaves 
and convexes, if any, on the underlying substrate. 

Yet another object of the present invention is to provide a 
semiconductor device containing a superior interlevel 
dielectric and/or heat-resisting protective layer. 

15 

20 

25 

30 

35 

40 

50 

55 

60 

65 

6 
Other objects of the present invention will be easily 

understood from the preferred embodiments of the present 
invention described hereinafter. 
The inventors have made an intensive study of a plurality 

of organosilicon polymers, to attain the above-described 
objects, and found that, if the organosilicon polymers have 
a three-dimensional mesh structure (not the ladder structure 
of the conventional organosilicon polymers), more particu 
larly, a structure which consists of a rigid, three-dimen 
sional, silphenylenesiloxane core surrounded by functional 
groups such as triorganosilyl groups, the above objects can 
be attained. The novel organosilicon polymer developed by 
the inventors is polysilphenylenesiloxane, and the important 
characteristics thereof are, for example: 

(1) a high sensitivity to ionizing radiations such as deep 
ultraviolet (UV) rays, electron beams (EB) and X-rays; 

(2) a high contrast (for example, 7:28); 
(3) a low swelling upon development (for example, 0.2 

uml/s when used as the EB resist); 
(4) a high resolving power; 
(5) a high softening temperature (400° C. or more); and 
(6) a high resistance to oxygen plasma (for example, 

selectivity over the novolak resist of 100, i.e., 100 times 
better than the resistance to Oz-plasma etching of the 
novolak resist). 

Note, the name of this novel polysilphenylenesiloxane 
(Three-dimensional Polysilphenylenesiloxane) is abbrevi 
ated as TSPS hereinafter. 

In one aspect thereof, the present invention resides in a 
polysil-phenylenesiloxane represented by the following 
structural formula (I): 

(1) 

in which 
R may be the same or different, and represents a hydrogen 

atom or a monovalent hydrocarbon group, and 
m and n each represent a positive integer; the polysilphe 

nylenesiloxane having a three-dimensional mesh structure 
of a silphenylenesiloxane core surrounded by triorganosilyl 
groups, and a weight-average molecular weight of 1,000 to 
5,000,000. 

In another aspect thereof, the present invention resides in 
a process for the production of the polysilphenylenesiloxane 
represented by the above structural formula (I), which 
process comprises hydrolyzing an organic silicon compound 
of the following formula (II): 

R; R3 (11) 

R6 R5 

in which 
Rl to R6 may be the same or different, and each represents 

a hydrogen atom, monovalent hydrocarbon group, trichlo 
rosilyl group or trialkoxysilyl group, with the proviso that at 
least two of these substituents represent a trichlorosilyl 
and/0r trialkoxysilyl group, followed by a dehydrated con 
densation polymerization of the resulting hydrolyzed prod 
uct. 
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In still another aspect thereof, the present invention 
resides in a process for the production of the polyeilphe 
nylenesiloxane represented by the above structural formula 
(I), in which the above~described hydrolyzation and con 
densation polymerization steps are repeated, and then the 
resulting product of the dehydrated condensation polymer 
ization is reacted with tn'organosilane of the following 
formula: 

(R), SiX 

in which 
R is as de?ned above, and X represents a halogen atom, 

a cyano group, an isocyanate group or an isothiocyanate 
group; 

hexaorganodisilazane of the following formula: 

(Rh SiNHSi (R)3 

in which 

R is as de?ned above; hexaorganodisiloxane of the fol 
lowing formula: 

(R), SiOSi (R), 

in which 
R is as de?ned above; or a mixture thereof, to thereby 

substitute the hydrogen atom of the remaining silanol 
group(s) of said product, which did not react during the 
dehydrated condensation polymerization, with triorganosilyl 
group of the following formulae in which 
R is as de?ned above. 
Still another aspect of the present invention resides in a 

process for the production of the polysilphenylenesiloxane 
represented by the above structural formula (I), in which the 
above-described hydrolyzation and condensation polymer 
ization steps are repeated, and then the resulting product of 
the dehydrated condensation polymerization is reacted with 
triorganosilane of the following formula: 

(R), SiX 

in which 
R and X are as de?ned above; 
hexaorganodisilazane of the following formula: 

(R); SiNHSi (R); 

in which 
R is as de?ned above; 
hexaorganodtsiloxane of the following formula: 

(R)3 SiOSi (R), 

in which 
R is as de?ned above; or a mixture thereof, with the 

proviso that at least 5% or more of the sum of R1 to R6 of 
the formula (II) and R is a halogenated lower alkyl group or 
a halogenated aryl group, to thereby substitute the hydrogen 
atom of the remaining silanol group(s) of said product, 
which did not react during the dehydrated condensation 
polymerization, with a triorganosilyl group of the following 
formula: 

(Rh Si— 

in which 
R is as de?ned above. 
Also, another aspect of the present invention resides in a 

process for the production of the polysilphenylenesiloxane 
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8 
represented by the above structural formula (I), which 
comprises dissolving tn'organosilane of the following for 
mula: 

(R), SiX 

in which 
R and X are as de?ned above; 
hexaorganodisilane of the following formula: 

(R), siNHsi (R), 

in which 
R is as de?ned above; 
hexaorganodisiloxane of the following formula: 

(R); Siosi (R); 

in which 
R is as de?ned above; or a mixture thereof in an organic 

solvent; and 
to the thus obtained solution, gradually adding an organic 

silicon compound of the following formula (II): 

R2 R3 (11) 

R6 R5 

in which 
R1 to R6 are as de?ned above, in the presence of water. 
Further, another aspect of the present invention resides in 

a resist material which comprises the polysilphenylenesi 
loxane represented by the above structural formula (I). The 
resist material of the present invention is preferably nega 
tive-working, and is used as a top layer resist in the bi-level 
resist system. 

Furthermore, another aspect of the present invention 
resides in a process for the formation of resist patterns, 
which comprises the steps of: 

applying a resist martial which comprises the polysilphe 
nylenesiloxane of the above structural formula (I), onto a 
surface of the substrate; 

selectively exposing the resulting resist coating to ioniz 
ing radiations such as deep UV rays, EB and X-rays to 
obtain a desired latent image pattern therein; and 

developing the latent image pattern in the pattern-wise 
exposed resist coating to selectively remove the unexposed 
resist coating. 

In the pattern formation process of the present invention, 
preferably, if the substrate has stepped portions, i.e., con 
caves and convexes, on a surface thereof, two types of resists 
are sequentially applied onto the substrate to form a bi-level 
resist structure, wherein .the bottom layer resist is formed 
from resist materials having a levelling function, and the top 
layer resist is formed from the polysilphenylenesiloxane of 
the above structural formula (I), and the pattern of the top 

' layer resist is transferred to the underlying bottom layer 
resist. 

In this connection, in another aspect thereof, the present ' 
invention relates to a process for the production of semi 
conductor devices, in which the resist patterns obtained 
according to the pattern formation process of the present 
invention are used as a masking means, when the underlying 
substrate is intended to be selectively etched to produce the 
devices. A dry etching process is preferably used. 
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Still another aspect of the present invention resides in a 
semiconductor device which comprises a semiconductor 
substrate and at least one layer thereof applied, the layer 
consisting of polysilphenylenesiloxane of the above struc 
tural formula (I). The TSPS layer may be in contact with the 
substrate, or may be apart from the substrate. The TSPS 
layer may be used as any functional layer in the devices, but 
preferably is used as an interlevel dielectric for multilayer 
wiring and/or as a heat-resisting protective layer. The 
present invention also resides in a process for the production 
of such a semiconductor device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A to 1D are cross-sectional views showing, in 
sequence, the fabrication steps of the bi-level resist system; 

FIG. 2 illustrates a model of the molecular structure of the 
organosilicon polymer TSPS of the present invention; 

FIG. 3 is a graph showing the 29Si——NMR spectra of the 
T SPS; 

FIG. 4 is a graph showing the GPC-LALLS chromato 
grarn of the TSPS; 

FIG. 5 is a graph showing the GPC-LALLS chromato 
gram of the ladder SPS; 

FIG. 6 is a graph showing the EB sensitivity of the TSPS 
and ladder SPS; 

FIG. 7 is a graph showing the etch rate of the TSPS and 
ladder SPS with regard to the OZ-RIE; 

FIGS. 8A and 8B are electron micrographs of the pat 
terned TSPS top layer resist; 

FIGS. 9A and 9B are electron micrographs of the pat 
terned TSPS/MP-l300 bi-level resist; 

FIG. 10 is a graph showing the UV-absorption character 
istic of the TSPS; 

FIG. 11 is a graph showing the deep UV sensitivity of the 
TSPS; 

FIGS. 12A and 12B are electron micrographs of the 
patterned TSPS top layer resist; 

FIGS. 13A to 13D are cross-sectional views showing, in 
sequence, the fabrication steps of the Si-gate PMOS; and 

FIGS. 14A to 14G are cross-sectional views showing, in 
sequence, the fabrication steps of the Si-gate NMOS. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First, the present invention will be described with refer 
ence to the organosilicon polymer TSPS; particularly the 
structures and functions thereof. 

Since the molecular structure thereof is very similar to the 
randomly crosslinked gel, in comparison to the prior art 
polymers having a linear or ladder structure, the organosili 
con polymer TSPS of the present invention can be rapidly 
gelated with a low level of crosslinking, and thus can exhibit 
a high contrast. Further, since the molecular skeleton thereof 
contains a benzene ring introduced therein, it is possible to 
remarkably limit the movement of the atoms constituting the 
TSPS, and therefore, it is possible to inhibit a swelling of the 
TSPS upon development, to a negligible level, in contrast 
with that of the prior art linear or ladder polymers. Based on 
these structures and functions, the TSPS of the present 
invention can clearly resolve space patterns of l um or less, 
but the prior art negative-working resists based on the 
organosilicon polymers can not exhibit such an excellent 
resolving power. 
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Further, by suitably selecting the functional groups, i.e., 

triorganosilyl groups, in the TSPS molecule, it is possible to 
control the radiations to which the TSPS has a high sensi 
tivity. The inventors have found that the TSPS of the present 
invention has a high sensitivity to ionizing radiations such as 
excimer lasers, deep ultraviolet rays, electron beams and 
X-rays, in addition to lights such as visible light and 
ultraviolet light. Moreover, since it has a high silicon content 
in a skeleton thereof, the TSPS has a su?iciently high 
resistance to oxygen plasma. 

Furthermore, the organosilicon polymer TSPS of the 
present invention has a good solubility in substantially all 
commercially available organic solvents, including mixtures 
thereof, and therefore, can be advantageously coated onto a 
surface of the substrate by conventional spin coaters. This 
means that the TSPS can be applied to the substrate having 
coucaves and convexes on a surface thereof, to easily level 
such an uneven surface of the substrate. The substrate may 
or may not be the semiconductor substrate, and may or may 
not contain circuits or other elements fabricated thereon. In 
this connection, it should be noted that the term “substrate” 
is used herein in a broad sense, and therefore, covers a wide 
variety of substrates including those described above. 

Furthermore, the organosilicon polymer TSPS of the 
present invention exhibits a low dielectric constant because 
of the presence of many organic radicals in the resulting 
layer or coating of the TSPS, in addition to a high heat 
resistance. Especially, the low dielectric constant is superior 
to that of the prior art inorganic SOG materials. Accordingly, 
the TSPS can be advantageously used as an interlevel 
dielectric in the production of the semiconductor devices, to 
thereby contribute to a speeding up of the operation speed of 
the devices without causing a breakage of the layer itself. 
Especially, the T SPS of the present invention, in which at 
least 5% of the sum of R1 to R6 of the above formula (II) and 
R of the above formula (I) is a halogenated lower alkyl 
group and/or a halogenated aryl group, is highly sensitive to 
ionizing radiations, especially lo electron beams and X-rays, 
and therefore, can be used to form negative resist patterns 
and to form throughholes in the absence of the overlying 
resist mask. 

The above-described functions of the present invention 
will be further understood with reference to the accompa 
nying drawings, particularly, the model of the molecular 
structure of the organosilicon polymer TSPS of the present 
invention illustrated in FIG. 2, and others. 

FIG. 2 is a model chart showing the molecular structure 
of the TSPS of the present invention. As illustrated, the 
TSPS is constituted from a core of silphenylene and func 
tional groups, i.e., triorganosilyl groups, surrounding the 
silphenylene core. The TSPS is more rigid than the prior art 
linear or ladder organosilicon polymers, because it has bulky 
aromatic rings introduced into the three-dimensional mesh 
core to correct the Si—O bond angle. The advantages of this 
rigidity are an improved contrast, suppressed swelling, and 
improved thermal stability. 
As previously mentioned, the TSPS according to the 

present invention is synthesized by hydrolyzing the organo 
silicon compound of the above-described formula (II), fol 
lowed by subjecting the hydrolyzation product to a dehy 
drated condensation polymerization in the presence of an 
acid catalyst. After this core polymerization, residual silanol 
groups around the silphenylene core are terminated with 
triorganosilyl groups (for example, triorganochlorosilane). 
The synthesis of this TSPS is described with reference to 

the following reaction schema. Note, in this synthesis pro 




























